Abstract: Medical facility birth with skilled birth attendance is essential to reduce maternal mortality. The purpose of this study was to assess the demographic characteristics, socio-economic factors, and varied health information sources that may influence the uptake of birth services in Pakistan. We used pooled data from Maternal-Child Health Program Indicator Survey 2013 and 2014. Study population was 9719 women. Generalized linear model with log link and a Poisson distribution was used to identify factors associated with place of birth. 3403 (35%) women gave birth at home, and 6316 (65%) women gave birth at a medical facility. After controlling for all covariates, women's age, number of children, education, wealth, and mother and child health information source (doctors and nurses/midwives) were associated with facility births. Women were significantly less likely to give birth at a medical facility if they received maternal-child health information from low-level health workers or relatives/friends. The findings suggest that interventions should target disadvantaged and vulnerable groups of women after considering rural-urban differences. Training non-health professionals may help improve facility birth. Further research is needed to examine the effect of individual information sources on facility birth, both in urban and rural areas in Pakistan.
Introduction
Maternal mortality is one of the greatest health and development concerns worldwide, especially in the developing world [1] . Over the course of the Millennium Development Goals (1990 Goals ( -2015 , the global maternal mortality ratio (MMR) declined substantially. However, many low-income countries did not reach the target for Millennium Development Goal 5, which aimed for a 75% reduction in the MMR between 1990 and 2015 [2, 3] . Compared with other low-and middle-income countries, the MMR in Pakistan remains high and the decline has been extremely slow [4, 5] . Furthermore, the MMR in Pakistan is almost twice as high in rural as urban areas (319 versus 175 deaths per 100,000 live births) [6] .
Facility birth can make a difference. Appropriate medical attention and hygienic conditions during birth decrease the risk of complications and infections that may lead to death or serious illness for the mother, the baby, or both. Therefore, increasing the proportion of babies delivered in a safe and clean environment under the supervision of qualified and experienced health professionals is important for the survival and well-being of the mother and her child [7] [8] [9] . In addition, skilled birth attendance has a positive impact on childhood immunization coverage, ultimately increasing child survival [10] .
Pakistan's National Maternal, Newborn and Child Health Program has introduced trained community midwives in rural areas and provided birth services by lady health visitors in basic health units and rural health centers to increase skilled birth attendance. However, more than half of births (52%) occurred at home without skilled attendance, according to the 2012-2013 Pakistan Demographic and Health Survey (PDHS) [8] . Hence it is vital to identify the barriers and facilitators affecting women's decisions about whether to give birth at home or at a medical facility. Understanding these determinants is important to develop appropriate interventions, health systems, and health policies to improve the use of birth care services and ultimately achieve the reduction in MMR [7, [11] [12] [13] .
Previous studies have identified several socioeconomic factors associated with the use of a medical facility birth, including mother's education, husband's education, household wealth, and residence [8, 11, 12, [14] [15] [16] [17] . Information sources on maternal-child health (MCH) also may influence facility deliveries by increasing women's knowledge regarding the importance of giving birth at a facility, although this has been less well studied than socio-economic status and results are controversial. Some studies have found that lack of exposure to health information in the mass media decreases the likelihood of women delivering at a medical facility [16, 17] . In contrast, another study [14] found no significant association between receiving MCH information from a Lady Health Worker (LHW) and medical facility birth.
In-depth investigations of the determinants of women's decisions regarding home versus facility deliveries in Pakistan, especially socio-economic factors and information sources, are limited. The purpose of this study was to assess the demographic characteristics, socio-economic factors, and varied health information sources that may affect the uptake of birth services in Pakistan.
Methods

Sampling and Subjects
This study used a subset of data drawn from two rounds of a larger household survey conducted in Sindh Province, Pakistan, with the support of the United States Agency for International Development (USAID). The MCH Program Indicator Survey 2013 and 2014 was a cross-sectional survey that employed a multi-stage stratified sampling design using district-level population information [18] ; districts are the third-order administrative division of Pakistan. The sampling process was designed to yield a representative sample at the provincial level. Trained interviewers visited each selected household. Participants were limited to women aged 15-49 years who had a live birth in the two years before the survey. One eligible woman per household was randomly selected. As female literacy is low in Sindh Province, female interviewers obtained informed consent verbally from each respondent and then signed the consent form on behalf of the respondent. The overall refusal rate was 15%. The analysis included 10,200 respondents (4000 from the 2013 survey and 6200 from the 2014 survey); 481 respondents were excluded because of missing data, resulting in a study group of 9719. Of these, 35% (3403 women) gave birth at home, and 65% (6316 women) gave birth at a medical facility.
The sample size of this study was calculated based on the article of Peduzzi et al. (1996) and the Medcalc manual [19] . The suggested minimum number of samples is approximately 371. The number of samples in each subgroup is over 2000. So the sample size is enough to conduct the regression. (15- 49 to be precise) in order for this survey to be comparable to other surveys which have been conducted in Pakistan. They requested Institutional Review Boards permission to conduct interviews with married women 15 and older without seeking permission from an older adult or guardian. Female interviewers obtained informed consent verbally from each respondent and then signed the consent form on behalf of the respondent. Interviewers were required to sign the consent form attached to the survey questionnaire to confirm that they had read the informed consent script.
Variables
Place of birth was the dependent variable. Interviewers asked "Where did you give birth?" (referring to women's last live birth), and responses were categorized into home (own home, other home) or medical facility (private hospital/clinic, government hospital, rural health centers, MCH centers).
Demographic characteristics, socio-economic characteristics, and MCH information sources were the independent variables. Demographic characteristics included women's age (15-24, 25-34, 35 ) and number of living children (1, 2, 3, 4) . Socio-economic characteristics included residence (rural, town or small city, large city), women's education (no education, primary or middle, secondary or higher), husband's education level (no education, primary or middle, secondary or higher), and household wealth (quintiles). The wealth index was derived from the household ownership of assets by principal components analysis and classified into quintiles [8] .
For MCH information sources, interviewers asked, "During the last 12 months have you received any information about MCH from the following sources?" Respondents could select multiple responses. Responses were categorized into: doctor, nurse/midwife, lady health visitor, low-level health workers (Dai-traditional birth attendant, LHW, homeopath, Hakim herbal medicine practitioner, outreach worker), relatives/friends (mother-in-law, other relative, friend), and media.
Statistical Analysis
The data from the 2013 and 2014 surveys were pooled. Proportion between the categorical variables was tested by Chi-square test. Then generalized linear model with log link and a Poisson distribution was used to identify the factors associated with place of birth. Due to high rate of facility birth, log-binomial regression is better than logistic regression. Because of fail convergence, we decided to use that model including robust variance estimates [20] . Residence was a potential confounding factor, because of differences in availability of and access to medical facilities [21] , inequities in antenatal care services, and social development ranking [22] . Therefore, we conducted a subgroup analysis for residence. A priori, based on existing evidences [8, 11, 12, [14] [15] [16] [17] , demographic factors (women's age, number of living children), socioeconomic factors (residence, woman's education, husband's education, household wealth), and MCH information sources (doctor, nurse/midwife, lady health visitor, relatives/friends, media) were identified as likely predictors and included in the model. A p-value of 0.05 was used to determine statistical significance. All statistical analyses were performed using SAS software (SAS Institute, Inc., Cary, NC, USA) version 9.4.
Results
Most women were age 25-34 (n = 5444, 56.0%), had four or more children (n = 3696, 38.0%), and had no education (n = 5818, 59.9%) ( Table 1) . Almost half (n = 4969, 51.1%) lived in rural areas. The likelihood of a facility birth significantly decreased with women's age and number of children. It significantly increased with women's education, husband's education, and wealth. Residence was also associated with place of birth: rural women were most likely to give birth at home, while women in large cities were most likely to give birth at a medical facility. Facility birth was positively associated with receiving MCH information from all but one information source: low-level health workers ( Table 1) . The results of generalized linear model with log link and a Poisson distribution are shown in Table 2 . They confirm the link between facility birth and women's age, number of children, education, and wealth. After controlling for all other variables, wealth was the strongest determinant: women in the top wealth quintile were more likely to have a facility birth than women in the bottom quintile (relative risk (RR) = 1.84; 95% confidence interval (CI): 1.71-1.98). Women's education (RR = 1.19 for women with secondary or higher education; 95% 1.14-1.23) was a stronger determinant of facility birth than husband's education (RR = 1.09 for husbands with secondary or higher education; 95% CI: 1.05-1.13).
The impact of MCH information sources was mixed. Women were significantly more likely to give birth at a medical facility if they received MCH information from doctors (RR = 1.23; 95% CI: 1.20-1.27) or nurses/midwives (RR = 1.09; 95% CI: 1.05-1.13). However, women were significantly less likely to give birth at a medical facility if they received MCH information from low-level health workers (RR = 0.89; 95% CI: 0.85-0.94) or relatives/friends (RR = 0.92; 95% CI: 0.89-0.95). There was no association with information received from lady health visitors or the media (Table 2) .
Residence itself was not a significant determinant of facility birth in the result. However, the subgroup analysis in Table 3 shows that other determinants of facility birth varied by women's residence. The number of children was significant everywhere. While women's education was significant everywhere, husband's education was significant in rural areas and large cities. Wealth was the strongest determinant of all in rural areas (RR = 1.92; 95% CI: 1.74-2.12) and in towns/small cities (RR = 1.63; 95% CI: 1.30-2.03), but was not significant in large cities. Doctors as source of health information were positively associated with facility birth in all residence groups, whilst this association was significant in rural areas (RR = 1.19; 95% CI: 1.11-1.29) and in large cities (RR = 1.04; 95% CI: 1.00-1.09) for nurses as source of information. Otherwise, lady health visitors as source of health information were not significantly associated with facility birth in all subgroups, whilst this association was negatively significant in rural areas (RR = 0.87; 95% CI: 0.80-0.94) and towns/small cities (RR = 0.90; 95% CI: 0.82-0.98) for low-level health workers and in rural areas (RR = 0.86; 95% CI: 0.81-0.91) and large cities (RR = 0.96; 95% CI: 0.92-0.99) for relatives/friends as source of information (Table 3) . RR, relative risk; CI, confidence interval. * p < 0.05; ** p < 0.01; *** p < 0.001. † Low-level health workers included Dai-traditional birth attendant, lady health worker, homeopath, Hakim-herbal medicine practitioner, outreach worker.
Discussion
Low rates of facility birth pose a continuing challenge for Pakistan's efforts to reduce maternal mortality. In this study we aimed to identify the factors-demographic, socio-economic and information sources -that influence women's choices about where to give birth in Sindh Province. The facility birth rate in this study was 65% overall, but it was 1.5 times higher in large cities (84%) than in rural areas (53%). This is consistent with previous findings showing that the proportion of women giving birth at health facilities was 1.5 to 4 times higher in urban than rural areas of Pakistan [8, 23, 24] . Women living in large cities have easier access to and more opportunities to use facility-based maternal health services because of their higher socio-economic status, the greater density of skilled health professionals (especially female doctors), and better transportation, communication, and other infrastructure. Urban advantages and rural disadvantages may result from differential government investments, remoteness of the location, lack of necessity to give birth in the medical facilities, and cultural differences [14, [25] [26] [27] .
The best educated women were more likely to give birth in a medical facility than the least educated, even after controlling for all other factors. The fact that educated women are more likely to delay their first birth until a later age, as other studies have found, may contribute to their use of health facilities for giving birth [8, 24, [28] [29] [30] . In addition, educated mothers may attach greater importance to their health and may be more aware of potential risks during birth. It is also possible that more educated mothers have greater autonomy to make healthcare decisions, greater confidence in their healthcare providers' ability, and greater willingness to travel outside their homes [28, 30] .
Interestingly, husband's educational level was also a significant predictor of facility birth in rural areas and in large cities. In traditional Muslim culture, where women are not allowed to step out alone without their husband's approval, men play a paramount role in deciding when and where women should seek health care, and their interest or approval is an important determinant of use of health services of all kinds [28, 29, 31] . Half of Pakistani women have no power to make decisions about their own health care and medical purchases [8, 27, 28] . Given men's role in family life, raising husbands' awareness of potential birth complications, treatment options, and the importance of facility birth could be important for Pakistani women [28, 29] . Especially, distance to the medical facility in rural areas [8] may exacerbate the situation, because husbands must take women to the facility. Furthermore, cultural preference for home birth, distrust of medical facilities, or husbands' disinterest in the health of their wives may be also barriers to facility birth.
In this study, household wealth was an important determinant of facility birth in rural areas, towns and small cities, but not in large cities. This supports previous findings that poor women choose to give birth at home because it is a cheaper option, especially in rural areas where medical facilities are more distant and transportation costs are higher [12, 24, 27, 28, 30] . In contrast, women living in big cities have good health infrastructure and easy access to facilities, so household wealth has less impact on health care utilization, including facility birth [14, 25, 32, 33] .
Notably, the impact of receiving MCH information on facility birth varied dramatically in this study, depending on the source of that information. Information from skilled birth attendants, including doctors, nurses, and midwifes, encouraged facility birth. However, information from lady health visitors, low-level health workers, and relatives and friends either had no impact or, in some locations, discouraged facility deliveries-suggesting that these information sources are not reinforcing, and may even be undermining, government messages promoting facility birth. Some lady health visitors assist at home deliveries in Pakistan [32, 34] as do traditional birth attendants and lady health workers [32] , so they may have a vested interest in the continuation of home deliveries. Conservative Muslim family members, especially husbands, mothers-in-law, and grandmothers, have a cultural preference for home deliveries and may prohibit pregnant women from going to a hospital to give birth [29, 31] .
In this study, the media was not an influential information source for facility birth. A study using 2013 survey data found that the most important source of information regarding place of birth in Sindh was doctors (21%); only 14% of women said television was an important information source [18] . Another study found that mass media exposure was associated with facility birth in rural areas of Pakistan [28] , but it did not adjust for other health information sources, such as doctors and nurses, unlike our study. Further research is needed to examine the effect of individual information sources on facility birth after adjusting for demographic and socioeconomic determinants in urban and rural areas in Pakistan.
Policy makers and program managers in Sindh Province can use the results of this study to devise more effective strategies to promote facility birth and decrease MMR. In rural areas, interventions should target women who are uneducated, poor, and having no information source from doctors, nurses and midwives. The effect of a low-cost voucher scheme and reimbursement of travel costs on facility birth was proven in a single rural area in Pakistan [28] , therefore, provision of low-cost/free vouchers and incentives for travel could help improve facility birth and could be as part of interventions for facility birth in Pakistan. The lady health visitors and low-level health workers should be trained to motivate Pakistani women to use maternal health care services by emphasizing the benefits of facility birth and should act as a mediator between Pakistani women and medical facilities [25] . Establishing a well-organized referral system for lady health visitors and low-level health workers shall help Pakistani women's transition from home birth to facility birth.
Encouraging more women to make use of institutional maternal health services obliges policy maker and health workers to ensure adequate quality of antenatal care and emergency obstetric care. Too frequently women are encouraged to give birth in health institutions where quality of care is not guaranteed, which could even pose more risk on the health of mothers and babies than giving birth at home. Timely access to quality maternal health services is the key to decreasing maternal and neonatal complications. This study has limitations. As noted, the data come from one single province so the findings cannot be generalized to all of Pakistan. Second, this study did not control for some important determinants of the utilization of maternal health service, such as complications during pregnancy and birth, past use of healthcare services, and distance from health facilities. Third, the variable regarding MCH information sources may not adequately represents whether information sources within the past 12 months had an impact on women's choice of delivery location because the study participants were women who had a live birth in the two years before the survey. Lastly, this cross-sectional study could not make causal inferences from the findings. Despite the limitations, the strength of the present study was the use of large sample of Pakistani women in Sindh using recent data from MCH Program Indicator Survey. The study findings suggested the evidence for target populations to improve facility birth by identifying socially disadvantaged and vulnerable groups, and for the need of training program among non-health professionals.
Conclusions
The study findings suggest that interventions to promote facility birth in Pakistan should target young women with lower socio-economic status, especially poor and uneducated, and women who live in rural areas with uneducated husbands, and who receive MCH information from non-health professionals. Educating women and their husbands to use health facilities for varied services and training lady health visitors and low-level health workers may help encourage women to give birth there. Policy makers should focus on rural-urban differences, identification of disadvantaged and vulnerable women, the density and composition of the health work force, and recognize and address cultural and religious factors, which may restrict maternal health-seeking behavior. 
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